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It has long been the accepted view that  the ectodermal elements 
of the nervous system are separated by a compact membrane from the 
mesodermal tissues which accompany the blood vessels into the mass 
of the brain.  Nissl (p. 345)  held that this membrane, the membrana 
limitans glide, can be penetrated by mesenchymal cells only after it is 
damaged by the action of a severe pathological process. 
Recently,  however,  del  Rio-Hortega  has  questioned  this  view. 
Using  the  so  called  "silver  carbonate"  methods,  which he  has  de- 
veloped, he has found that  a  special manipulation of the technique 
brings out  certain  small  cells which he  terms the  "microglia."  In 
the adult, he finds these cells mingled everywhere with the ectodermal 
tissues of the brain.  In the new-born animal, they seem to be con- 
centrated in certain vascular zones of invasion, and from these regions 
he  traces  their  wanderings  into  the  ectodermal  parenchyma.  He 
brings  evidence to  show  that  these  cells are  the phagocytes of the 
nervous system, that  they are identical with  the phagocytes of the 
whole body, and that despite the fact that they seem to mingle freely 
with the ectodermal elements of the adult brain, they are none the less 
mesodermal in origin.  Many workers, however, are still unconvinced 
as to the mesodermal nature of  these  cells.  For  this  reason  it  has 
seemed desirable to apply to the central nervous system the supravital 
technique with which  the phagocytic cells of the  blood  and  of the 
general connective tissues of the body have recently been studied so 
minutely. 
Vital methods have been used in the study of the phagocytes o[ the 
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central nervous system ever since the work of Bouffard, and of Gold- 
mann.  MacCurdy and Evans, and Macklin and Macklin used trypan 
blue, injected intravenously or intraperitoneally, to  reveal  the pres- 
ence of dye-filled phagocytes in the brains of monkeys suffering from 
poliomyelitis and of rats  subjected to sterile puncture wounds.  The 
studies demonstrated that  the phagocytes around brain  lesions can 
take up particulate matter which reaches them through the vascular 
system.  The nature and origin of the cells themselves are not settled 
by this observation and can be more directly determined by supravital 
methods. 
EXPERIMENTAL. 
The  supravital technique has been  applied to  a  series of sixteen 
normal animals, of which five were new-born rabbits, five guinea pigs 
under 7 days old, and six adult guinea pigs.  Sterile puncture wounds 
were produced with a  hot needle  in  four  young  anesthetized  adult 
rabbits and in two guinea pigs; and an herpetic encephalitis was set 
up with herpetic virus of the strain "H.F."  (described by Flexner and 
Amoss), by corneal inoculation in seventeen guinea pigs and twelve 
rabbits.  After the supravital examinations were completed, all brains 
were fixed for subsequent study of stained sections.  In this way was 
sought the ruling out of spontaneous disease in the "normal"  animals 
while  the  extent  of  the  lesions  in  tke  pathological  material  was 
established. 
The supravital technique consists in the examination of the reaction 
of living cells to vital dyes immediately after removal of the cells from 
the body.  Vital dyes: i.e., neutral red and Janus green~ were supplied 
to the cells  in two ways:  (a)  In most of the experiments, fine films 
of dry neutral red and Janus green were prepared on slides according 
to the method described by Sabin, and by Sabin and Doan.  When a 
minute amount of living tissue is placed on such a slide, the dye goes 
into solution in the tissue juices and reacts with the cells.  (b) In six 
experiments, 300  to 500  cc. of dye (diluted 1:10,000 in physiological 
saline)  were  injected  slowly  through  the  aorta,  after  opening  the 
cranium and the dura under anesthesia.  In this way the brain could 
expand and become saturated with the dye, making it as  certain  as 
possible that  the dye would reach  every cell which had  the power 
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In obtaining the fragments of brain tissue, a standard technique was employed: 
(1)  The  brain  was  exposed  under  ether  anesthesia.  (2)  The  great  vessels 
of  the  neck  were  opened  to  allow  the  brain  to  exsanguinate  as  completely 
as possible, so that the bits of brain  tissue which were to  be  examined  would 
be  practically  free  from  cells  of  the  blood  streams.  (3)  The  dura and the 
pia-arachnoid  were  stripped  away.  ~  And  (4)  bits  of  brain  tissue,  about  the 
size of  a  pin-head,  were  lifted out either with  flue  curved  scissors,  a  sharp 
knife,  or  a  capillary pipette.  The  bit  of  tissue  was  lifted out with as  little 
damage  as possible, without grasping with forceps, and was  transferred  gently 
to the slide which carried the film of dye.  Under oil immersion magnification, the 
study of the preparation was undertaken at once in a warm box at body tempera- 
ture.  (5)  In the meantime, the rest of  the brain and some of the spinal  cord 
were placed in a moist chamber in the warm box; and from time to time additional 
preparations  were made, until an examination  of as many regions as  possible 
bad been made.  It was found that the brain would show little change  under 
these conditions for nearly 2 hours, but that after this the new preparations would 
exhibit granulation,  diffuse cellular  and nuclear  staining,  and  globules of  free 
myelin.  Before this point was reached, therefore, the brain was placedina fixative. 
DESCRIPTION  OF  OBSERVATIONS. 
If a  supravital preparation  is made of a  body fluid, it will spread 
itself under the cover-slip by capillarity.  In this way blood (Sabin; 
Sabin,  Cunningham,  Doan,  and  Kindwall)  lymph  (Kindwall), cere- 
brospinal fluid (Kubie and Shults), peritoneal fluid (Sabin, Doan, and 
Cunningham, 1924), lymph gland, spleen, and bone marrow punctures 
(Cunningham, Sabin, and Doan, 1924,  1925; Doan; Sabin, Doan, and 
Cunningham, 1925) have been studied.  Material taken from the brain, 
however, is too solid to spread without help, so that very gentle pressure 
must be applied, flattening the tissue out slowly and with a  minimum 
of  disruption.  A  preparation of this kind is always uneven.  Some 
areas remain too dense for analysis; while in others the cells become 
entirely separated from one another.  Of these separated cells, many 
remain morphologically undamaged, and are then particularly easy to 
study;  but  if injury occurs,  it  is  readily recognized  by the  marked 
granulation  of  the  cytoplasm  and  the  rapid  diffuse staining  of  the 
nucleus.  (This  usually happens  around the edges of every prepara- 
tion.)  Many  areas  remain,  however,  which  are  neither  too  thick 
1  This is essential since, in a previous study (Kubie and Shults), these membranes 
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nor too thin, but in which the relations of various structures are well 
preserved, while the mkterial is nevertheless thin enough for accurate 
observation under the highest oil immersion magnifications.  And it 
is in portions of the preparations which have maintained their integrity 
in this way that the present observations have been made. 
In these favorable areas, one special advantage of  the  supravital 
spreads  is  that  the  vessels  and  their  surrounding  tissues  can  be 
studied unshrunken and in their three-dimensional entirety, instead 
of in  the single plane of a  thin section of fixed material. 
In the brains  of normal animals,  the perivascular meshwork con- 
tains at least two strains of cells which are readily recognized in the 
supravital  preparations,  the  lymphocyte  and  the  clasmatocyte. 
Lymphocytes are recognizable in three sizes:  small, intermediate, and 
large.  They take up  little  neutral red,  and  that  in  small vacuoles 
around the periphery.  They have characteristic mitochondria, which 
vary from long,  rod-shaped structures in the larger cells, which are 
probably the younger forms, to round dots in the smaller cells.  They 
have a  type of motility which is peculiar to themselves, in that they 
push  their nuclei ahead of them, with a  zone of thinner cytoplasm 
around the nucleus and the rest of the  cytoplasm tailing out behind. 
This motility is observed chiefly in the intermediate size group3 
In contrast to the lymphocyte the mitochondria of  the phagocyte 
are relatively obscure; while the vacuoles are abundant and prominent. 
and fill with neutral red in the presence of the dye.  The dye in the 
vacuoles is colored from pale lemon-yellow to deep orange-red, indicat- 
ing a pH range of approximately 6.8 to 8.0.  The significance of these 
changes in  color are discussed in a  forthcoming paper by Sabin and 
Doan.  It  is  only in  an  occasional  cell  that  the  differentiation of 
the lymphocyte from the phagocyte presents any difficulty, such that 
one might hesitate between calling a cell a heavily stimulated lympho- 
cyte or a  small and inactive phagocyte.  In general, the larger size 
of the phagocytes and their dye-filled vacuoles make them one of the 
most  unmistakable  cells in  the  body,  as will  be  readily seen in  the 
illustrations which follow. 
2  Evidence has been presented elsewhere (Kubie and Shults) that this motile 
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Two morphological groups of phagocytes  have been described (Cunningham, 
Sabin,  Sugiyama, and Kindwall; Sabin and Doan; Sabin, Doan, and Cunningham, 
1924, 1925) and  the  subject of their  functional and eytogenetic differences has 
become the object of vigorous inquiry and  argument (Lewis and Lewis).  One of 
the groups has  been called, after Ranvier's  original term,  the  "clasmatocyte" 
(Sabin, Doan, and Cunningham, 1924) and the other is the  monocyte.  Of these 
two phagocytic forms, only the clasmatocytes are  illustrated  and discussed here, 
as they are the characteristic mesodermal phagocytes of the perivascular sheath 
under these experimental conditions.  Monocytes have been seen in only two of 
the present series of experiments; and since in a previous study (Kubie and Shults), 
young monocytes were seen to form a normal component of the arachnoid, it is 
possible that in these two experiments the monocytes may have arisen from bits 
of arachnoid which were unwittingly included in the preparations. 
in Fig. 1, a typical resting clasmatocyte is seen against the endothe- 
lial cell of a venule from the occipital cortex of a normal young guinea 
pig.  The cell is stretched along the venule, closely applied to its wall. 
In other places, as in Fig. 4, it may be seen to stretch along the outer 
border of the perivascular channel, but in the preparations from normal 
animals  it  is always elongated  and  never  rounded  up.  Even in  the 
normal,  however, these cells may be quite abundant.  This is shown 
in Fig. 2, which shows the maximum number of such cells which have 
been  observed  in  normal  material,  in  this  instance  taken  from  the 
parietal  cortex of another young guinea pig. 
The  contrast  between the  clasmatocytes of the  normal  brain  and 
those which show the effect of infection  is well illustrated  in  Fig.  3. 
Here,  the  cells  appear  swollen,  often  rounded  up,  with  increased 
vacuoles, and probably an  increase in  actual numbers.  The picture 
is drawn from an arteriole from the parietal  cortex of a young rabbit, 
:~.t the height  of an  encephalitis  which had  been induced  by corneal 
inoculation with herpes virus 6 days before.  It will be noted that in 
this picture two clasmatocytes are seen lying free from the vessel wall. 
While this is not an unusual observation, it is not the rule; and it is not 
safe  to  conclude  that  the  clasmatocytes  are  able  to  invade  the 
surrounding brain tissue when in the body, because it is possible that 
the process of spreading the material could dislocate a  few cells,  even 
where  the  majority  have  preserved  their  architectural  relationships 
intact.  The clasmatocytes which are occasionally seen free from any 
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In  Fig.  5  there  is represented  the  phagocytosis of trypan  blue in 
dasmatocytes along a small vein from deep ~'ithin the occipital cortex 
of a  young rabbit.  This rabbit,  over a  period of  7  days,  had  been 
given three  small subarachnoid  injections of  1 per cent  trypan  blue 
through the cisterna. 
Turning to the lymphoblastic group of cells, it was found that small 
nests of  these  cells occurred  regularly  in  the  normal  animals.  One 
such nest is illustrated  in Fig. 4, from the cornu ammonis of another 
normal guinea pig, in the fork formed by the juncture of two venules. 
Such nests of lymphoblastic cells, containing large, intermediate, and, 
more rarely, small forms, have been found repeatedly in forks such as 
the one illustrated.  In sections, only a  small fragment of such multi- 
layered  re]ationships as  these  can  be  demonstrated.  Along the  un- 
branched  lengths  of  straight  vessels,  single  lymphocytes, or  short 
chains of three or four in a row, are regularly seen, scattered along the 
sheath. 
The lymphocytic response to disease has  been difficult to  demon- 
strate  intact,  because  the  larger  proliferations  are  easily  ruptured 
and  spill  their  contents  diffusely over  the preparation.  In  Fig.  6, 
however,  is  seen  the  striking  multiplication of  these  lymphoblastic 
forms in all stages of development.  This point of intersection of two 
venules is from the parietal  cortex of an  encephalitic rabbit,  and at 
this point it is possible to note a  characteristic phenomenon, namely 
that where the lymphocytic response is intense very little  clasmato- 
cytic  reaction  seems  to  occur.  This  is  illustrated  again  in  Fig.  5. 
There is drawn here only one-half of what was actually a  long, cigar- 
shaped dilatation  of the vessel sheath.  At one end of this fusiform 
swelling  (the  end  not  included in  the  drawing)  were  clasmatocytes 
engorged with trypan blue and quite identical with those pictured at 
the other pole.  In between the two points of intense clasmatocytic 
response  were  masses  of  proliferating  lymphocytes  which  made  a 
cellular  tube  around  the  blood  vessel,  a  structure  too  complex for 
adequate  reproduction.  Where  the  clasmatocytes lie,  the  sheath is 
narrow and clings closely around the vessel.  Where the lymphocytes 
proliferate, the sheath is distended, and in it are found only the filmy 
ends of the clasmatocytes whose main bodies lie at  the two poles of 
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lymphocytes never seems to occur quite at the same place, but always 
with a  marked preponderance of either one form or the other at any 
one point. 
DISCUSSION. 
1.  In these studies it has been possible to demonstrate that in the 
adventitial sheath of the blood vessels of the central nervous system 
of  normal  guinea  pigs  and  normal  rabbits,  both  lymphocytes and 
mesodermal phagocytes are always present, a finding which is opposed 
to the view of Nissl (pp.  319  and 340),  who denied  the presence of 
lymphocytes in normal brains. 
The  question must  be  considered as to whether the occurrence of 
lymphocytes and phagocytes does not from the outset throw doubt on 
the "normality" of the brains in which  they are  found,  despite  the 
absence of any outspoken evidence of disease.  With laboratory-bred 
rabbits or purchased  stock kept under observation,  it is  ahvays  un- 
certain whether the so-called spontaneous encephalitis  exists  or not. 
The condition is usually asymptomatic, and the proof of its occurrence 
is  supplied  by  postmortem histological  examination.  Many of  the 
animals  used  in  the present  experiments, however, were laboratory- 
bred  and  very young.  In such animals, these cells have been found 
just as plentifully in the rabbits and guinea pigs which were under a 
week old as in the later stages.  Furthermore, for the observations on 
animals more surely normal, most dependence has been placed upon 
the guinea pig, which almost never suffers from spontaneous encepha- 
litis.  And in every animal reported as normal, study of sections from 
all parts of the  central nervous system has revealed no loci of active 
perivascular infiltration, no neuroglia scar formation, and no changes 
in the neurons.  The absence of histopathological evidence of disease, 
and the presence of the cells from birth seem to justify the conclusion 
that the animals were normal. 
2.  It is at present possible only to  suggest the relation which the 
clasmatocytes of the perivascular sheaths may bear to the microglia 
of del Rio-Hortega, or to the compound granular corpuscles or Gitter- 
zellen of classical neuropathology.  If the view is true that an impene- 
trable barrier separates everywhere the mesodermal from the ectoder- 
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phagocytic cells of the ectodermal areas of the nervous system.  If, 
on the other hand, there is no such barrier, it is possible that these cells 
can wander through  the  crevices of  the  brain  and  perhaps  exhibit 
branching processes which stain with silver and form the pictures of 
the microglia. To bring final proof or disproof of this possibility will 
not be  easy. 
Up to the present time, however, it has not been possible to demon- 
strate with the supravital technique the existence in the brain of any 
recognizable mesodermal phagocytes other than these of the perivas- 
cular sheath.  Neither in  the  invasive  zones described by del  Rio- 
Hortega  in  the  young animal,  nor  diffusely scattered  through  the 
ectodermal parenchyma of the adult, has it been possible thus far to 
lind any cells which react to neutral red in the manner which is charac- 
teristic  for  mesodermal phagocytes of  the  body  as  a  whole.  This 
negative finding, however, cannot yet be looked upon as conclusive. 
3.  The normal vacuolation of the perivascular phagocytes is visible 
in  supravital  spreads  as  colorless,  homogeneous,  refractile  globules 
even in the absence of neutral red.  In the presence of the dye the 
vacuoles  are  colored from orange-red  to  pale  yellow.  This  normal 
vacuolation is lost in the processes of fixation,  imbedding, sectioning, 
and staining.  It is usually impossible, for this reason, to differentiate 
resting clasmatocytes in sections from any other similarly shaped cell, 
such as an endothelial cell, for instance.  In a section, the clasmatocyte 
and the underlying endothelial cell, drawn in Fig. 1, would usually be 
indistinguishable.  In  the  living  spreads,  however,  the  distinctions 
are clear.  Vacuolation, or other evidence of latent phagocytic power, 
has never been seen in endothelial cells in these experiments.  Even in 
the necrotic tissue around a cauterized puncture wound, the lining of 
those vessels which remained intact in that area was unchanged; while 
the sheath could be seen to have given rise to innumerable phagocytes. 
The vacuolation of the phagocytic cells constitutes, therefore, a selec- 
tive stain for these elements in a supravital preparation, enabling one 
to pick them out with great facility.  In sections, on the contrary, it is 
only when the vacuolation of the cytoplasm becomes greatly intensi- 
fied, so that the stained cell has a  "foamy" appearance, or else when 
masses of debris have been ingested, that the phagocytic cell becomes 
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4.  It  is  noteworthy that  the  clasmatocytes of  the  vessel  sheaths 
in the normal brain show this vacuolation.  The vacuoles are small in 
size and limited in numbers, but always present.  Early in the course 
of an  herpetic encephalitis they multiply and  enlarge greatly, even 
before fat stains and Nissl stains reveal any marked degree of parenchy- 
matous degeneration.  Furthermore, shortly after a  sterile puncture 
has been made in one hemisphere, an increase in the size and number of 
vacuoles is seen in the perivascular clasmatocytes from distant portions 
of the opposite hemisphere.  This would lead one to suppose that the 
clasmatocytes are constantly performing some normal function in the 
central nervous system, of which the vacuolation is an index, and that 
in the presence of any disease or injury this physiological activity in- 
creases before the phagocytosis of debris has commenced. 
5.  In a  recent study of the cerebrospinal fluid (Kubie and Shults), 
it was shown that  the lymphocytes of the perivascular channels are 
readily extruded into  the subarachnoid space.  Whether this is also 
true of the clasmatocytes is uncertain.  And how far either of these 
cells can invade the parenchyma, how extensively they can wander 
through its crevices along strands of mesodermal tissue, or how strictly 
they  are  limited  to  the  perivascular  and  subarachnoid  spaces,  are 
problems which further studies must decide. 
6.  In  the  experiments with  trypan  blue,  rabbits  were subjected 
to two or three subarachnoid injections of minute amounts of dye. 
In each injection, less than half as much trypan blue was adminis- 
tered as fluid withdrawn; and no resisting pressure was encountered. 
Under these conditions, the trypan blue was found in the clasmato- 
cytes of the vessel sheaths, deep within the substance of certain widely 
separated  regions  of  the  brain.  And  only  in  these  perivascular 
sheaths was it found.  There was no evidence of generalized diffusion. 
Furthermore,  the  dye occurred in  the  elongated,  sessile clasmato- 
cytes alone; and the perivascular channels contained no free wandering 
cells which could have carried the dye  into the  depths.  The func- 
tional patency of these mesenchymal perivascular channels seems to 
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SUMMARY. 
1.  The presence of clasmatocytes in  the adventitial sheath of  the 
blood vessels of the normal brain has been shown.  Thus far, these 
are  the only mesodermal phagocytes,  the presence of which in  the 
central nervous system has proven to be demonstrable by the supra- 
vital technique. 
2.  The clasmatocytes are vacuolated even normally. 
3.  The  vacuolation  increases  in  the  clasmatocytes of  the  whole 
brain as result of a  localized injury, and it increases also throughout 
the central nervous system in the early stages of an herpetic encepha- 
litis,  even  before  gross  damage  to  nerve  cells  or  myelin  can  be 
demonstrated. 
4.  The  endothelial Cells of blood  vessels have  not  exhibited  any 
signs of multiplication or of vacuolation.  They have not apparently 
given rise to any of these phagocytes, nor taken any part in the phago- 
cytic reaction themselves. 
5.  Along capillaries, the phagocytic cells are seen only rarely, and 
it  is possible  that  they have wandered along these vessels from the 
nearby venules and  arterioles. 
6.  Trypan  blue,  injected without pressure  into  the  subarachnoid 
space, finds its way rapidly down the perivascula  r  sheath and enters 
the clasmatocytes of the sheath, deep within the substance of the brain. 
From this fact may be deduced the functional patency of the perivas- 
cular channels and their continuity with the subarachnoid space. 
7.  Lymphocytes are seen normally in the perivascular sheath, and 
the presence of the large young forms along with  the intermediate 
and the small old cells suggests that they develop in this situation and 
give rise to the lymphocytes of the cerebrospinal fluid by wandering 
out into the subarachnoid space. 
8.  In response to an herpetic encephalitis, as well as other injury, a 
huge  increase in  the  number of lymphocytes and  of  clasmatocytes 
occurs  in  the  perivascular  tissues. 
9.  The multiplication of both cell types seems to begin simultane- 
ously, but never at  the same spot,  any one point along a  vessel ex- 
hibiting a marked preponderance of either one form or the other. 
10.  The resting clasmatocytes cannot readily be differentiated from LAWRENCE S.  KUBIE  625 
any other fusiform cell in sections of fixed tissues; while the lympho- 
cyte may appear,  in  such  sections,  as  an  apparently isolated  small 
round  mononuclear cell, with  no  visible  relation  to  the perivascular 
apparatus. 
CONCLUSION. 
By means of the supravital technique,  it has been found that the 
perivascular tissues of the brain contain normally two types of cells-- 
lymphocytes and  clasmatocytes.  It  is  believed  that  these  cells  are 
always present and proliferate in situ, both under normal and patholog- 
ical conditions. 
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EXPLANATION  OF PLATE 24. 
FIG. 1.  Clasmatocyte against the  endothelial cell of a small vein, supravitally 
stained with neutral red.  From the occipital cortex of a normal guinea pig (K 51). 
X about 500. 
FIo. 2.  Clasmatocytes stretched  along the walls of a branching group of capil- 
laries and venules,  supravitally stained in neutral  red.  From the parietal cortex 
of a normal guinea pig (K 50).  ×  about 600. 
FI6.3.  Clasmatocytes along the walls of arterioles, rounded up in response to 
thestimulus of an herpetic encephalitis.  Supravital staining with neutral red. 
From parietal cortex of a rabbit (K 53).  X about ~00. 
FIG. 4.  Lymphoblastic nest in  the  perivascular sheath at the junction of two 
venules,  from the cornu ammonis of a normal guinea pig (K 51).  Lymphocytes 
unstained.  Clasmatocyte  with  vacuoles  filled  with  neutral  red  lies  stretched 
along the outer border of the perivascular sheath.  ×  about 500. 
FI6. 5.  Reaction  of lymphocytes and clasmatocytes to subarachnoid  injection 
of trypan blue.  From the  occipital cortex of an otherwise  normal rabbit (K 74). 
Trypan blue appears black in the reproduction.  ×  about 500. 
FIC. 6.  Proliferating lymphocytes at the intersection of  two venules from the 
corpus striatum of a rabbit with herpetic encephalitis (K 68).  X about 500. THE JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. XLVI.  PLATE  24, 
(Kubie:  Perivascular tissues.) 